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tioriring up the date. hne heen a tough job. Kzto w3t;I.d do this 
rnpidly znd I cert-:i:Q vrcj:ild let him dc it in the future! 1 
make too many mistakes !snd it takes too much time to fix-id them 
nrtd then correct my errors? either in tile ta tiles or the z:~ps. 
deverthelcos, I fe7.t; th3--t, 1 should make sn atter;:pt to correlate 
^L ?,,! e 4 z t 'I . I am not now 
t;‘ B1unELchei.n. 

communicating my COliCfU6i~~llS to Lato or 
I would p ,efer to h:-tve the c<>nciusi.xs made 

illciecben:!cr!tLy in Drder to co!~g:x**e modes of drawi:: cr>nclusiana, * 

itntil 1~3ter, then, 
Best regnrds, 



ORIGIN AND DISTRIBUTIGN OP Ki$iX CCZIXPLUES IN KAIZB 

Analysis of the knobs in the chrooooomes of present day maize 

indicates that there wer‘e at least four independent origins of maize 

and possibly a fifth, The wild ancestor of maize (teoainte ?) from 

which selections were made initially, grew in the region between the 

Central Mesa of PIexioo and the northern part of Hondurae. Eaczh 

ancestor from which ma-',ze was obtained h;ad a very distinctive knob 

aonstitution. The dfstinctiveZness of each complex indicates some 

basic meaning of the ootnpLex in the evolution of the ancestor. 

This is evident in the nature of each complex. Cne aomplex had no 

knobe, anoth r had cnly olriall knobs, a third had medium-sized knobs, 

and a fourth and possibly a fifth had large knobs (see diagrams). 

Through subsequent introgressions of one ooqAex with another, and 

selections of vinl~le or srodiictive uoolnbi:latic,na of oor@exes, the 

initial oignifisanue of these com,piexe8 may h:ive been loot or 

obscured. Nevertheless, the existenos of such initial complexes ia 

clearly evident in present dbjr maize. 

1, The no-knob oomnle&. This complex io centered at the present 

time in the Central Mesa of Mexico and in the highlands of C;cuatenala. 

Prom exaaincttion of the knobs in the maize races in each of theve 

areas it is possible to infer that the no-knob complex hnd its origin in 

the Central PIesa of Mexico and that an early introduction of this 

maize into the highlands of Guatemala is res~)onsible for the 

distribution of this complex in the highlands. (See, however, discussion 

below.) 

2. The ssmnl3.-knob oomtS.ex. This oocnplex originated in the 

highlands of Guatemala. Its influence is widespread due to migretions 

nnd to introductions into other areaa. 
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3. The Paediux&nob oomDle&. The exact ylace of origin of thie 

complex is not olear3.g revealed by knob oonetitutione of preeent day 

r&h la0 . Tt is clear, nevertheieee, thut its knfluence ie now corlfined 

lC.Wgfely to east l-n tiexiuo, extendiq both north and south of the 

Campeche-Yucatan regiven. It h:ts mrdde a large contribution to maize 

of the Garlbbem Xatimdar and to the maize race8 of eastern South 

kW?~iCl&b. 

4, The lrwrm-knob ootnDletxe$. There may have been two independent 

origins of tha large-&nob oomplex, One oomplex he.8 some knoba that 

are coneiderably 1~ger than those of tha other large-knob comi.~.hex. 

The present center of the comyiex ,with very large kriobls 18 now in 

Venezuela. Xt 9s present in maize of the ooaatal, inlmxd and the 

ruountain mgions. Ito influenoe has spread to the adjacent 
hi cc;:ml;n , 

Caribbeart lalands, yartfoularly Trinidad and Tobago, h to the coastal, 

and lowlmda of %euador, and to T;he sujacent regions of ran-a, 

Certain of ite cmpGnents at:pmr in Aapalote. It may have originated 

in the Oszaca-Chiclpau reg&m and been introduced early into Venezuela 

where it &ultPplied and epread, The other large-knob complex, sGcie of 

whose kr~obe are nor aa loge aa those OP the Venezuela com;;lex, 

chasacttirizee the rnaige of southern Guatemala and else that of 

eotitbern ahd west:. ra h2Xiclo. Its oentcr of origin is not olearly 

evicient but A-6 may well have originated In the southern &mtemala- 

northern Iionduraa area. Its influence ier extensive t;hroq$.out 4bntral 

America, Xt h:ia been introduced into western South America but 

it haa ha9 VW; iitf3.e influenue on the maize of eastern South America. 

Although cun~~nents of it are represented in the i'nribhean Islands, 

its irifluenee in the islands is not aa greLit aa thrtt of the 

Venezuelan comylex, the mddiusa-knob complex, the small-knob coaplex, 

and the no-knob citm@ex. 
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Early 1ntroduotio:ls of the Comlexere into Distant Area@ 

1. One of the earliest introductions was that of the? no-knob 

complex of the Central Mesa into the highlands of Guatemala where the 

small knob ooaplex originated. Spread of the no-knob complex within 

this area lead to various strains carrying different oo:!;ponents of 

eaoh of these coml;lexes, Pollowing such intermixtures, maize from this 

area was introduced into western South Amerioa, 2, below. 

2. A very early introduction of maize from the highlands of 

Guatemala into some part of western South America must have occurred. 

This maize had the "Andean comp18x.n It was homozygoue for a amall 

knob in the long arm of chrot;oeome 7 and was haterozygous for a tiny 

knob in the & position (nearcat end of long arm) in chromoso e 4, 

lone of the othszr chrsmoaomes had any knob. Beoause of the very 

extensive spread of this complsx throughout weetern South America and 

eubsequently into central al-id eaatcrn South America, it ia prob?tble that 

this wan the initial maize in all of Oouth Ameriua and that it wa8 

propogated for a very long period of time before other maize was 

introduced into the e regi ne. The fact thzit all of this inaize had the 

same knob constitution suggests that the initial introducti<jn may have 

involved only a few kerncbla or that the initial selection for propogation 

came from a single plant. 

(It is possible to CO;,8id8r Cat both the no-knob and the small-knob 

complexes originated in the highlanc‘ta of Guatemala anti that the 

no-knob complex, presently predominate in the Zentral ,"lesa of Lyiexico, 

was derived from an e;rLrly introduction from the highland8 of duatemala, 

Because the density of the small-knob complex ia low in the G8ntral 

Mesa, it is prob<:ble that the knobs of this complex were il<lraduced 

at a consider*lbly later date after the no-knob complex h::d become well 

adapted in the Central Preea and well distributed within this region,) 
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3. Naize from the highlands of Guatemala, p3ssibl.y having only a 

small knob at the end of the short arm of chr> ~oG~).~B 9, wm introduced 

into the northern part of the United %+ites. It g-se rise to the 

Northern Flints of the U.S. 

1, The most extraordinary migration iss that of the Andean 

complex following its early introduction into South Anierica, It is 

now the predondnata maize in the Andean legion, extending from 

Colombia into Chile. Nuch of this maize ie not yet contaminated with 

aaiae that was introduced subsequently. It alsa epread eastward 

from the Ancle.?n r~~6io~ls into &Ll of the parts of South America east 

of the Andes tihere this maize had been growing. ft is now the 

predominant component sf maiee that is grown in central ad eastern 

South America. The Andean complex is aZcjo a cotiponent of mice 

of the west coast of South America although diluted in most of the 

coast~~l regionrs by maize that has i~een introduced aubseyuently. 

2. The arriall-knob complex spread south from the hig?klands of 

Guatemala intc the highlaade of Central America. Its northward spread 

wae restricted a8 it 1s only weakly represent in the maize of Chiapas. 

The presence of ccmy5neiTts of this compiex in wesl;.,rn and northern 

Mexiuo may kPYr reflect migration from the central I%EIA of &xico or 

from mixed races in Guatemala and chiapas. 

3. Eh8 medium-knob ca‘mplex oharac t::rises the ma~k;e cf eastern 

Pkxico where Tuxpelfio is grown. Because Tuxpezo has been introduced 

into many parts of E4exic0, %h8 presence of C5mponenta of this complex 

may be obselgved t2lroughout Mexico , particuiarly in those rticeB that 

are considered to be reltited to Tuxpeiio. This ccmplex 8xGEnds 

southward into the Central American uountries (see maps). 
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4. The Venezuelan large-knob complex has had a strong irifluence 

on maize of the adjacent Caribbean Islands , p~rticulary fn Trinidad 

and Tobago. It has spread into Colombia and illto Ecuador, &artEcularly 

along the CO&S t:ii rt!giOnS Of E&-uadr:r. It hzs also perietrdted into 

Panama t%nd oom?onente of it may be seen in other Cen;.,ral American 

coantriee altZGl+&h much di.i:ited t!z??*e. (For a special c'i:te of this, 

oee maps of distribution of t3,e 1*3rge knob in the lonp: ztrm of 

chroiloisome 9 in the Gentrtrl American countriee,) As stated e~riier, 

this complex rnzy hzve origiria-ted in southern Mexico or sotztilern 

Guatemala and ictroducsd subsequently in3o Venezuela, The 

Venezuelan complex appwrs in aoiithern IMivLn in the race Pcrola 

(Arrocilloj. It mwt; have been i.nWoduced into i3oiivia quite 

recently HB ~onponents of it are absent or poorly r+?presented in 

other racw in the rt!&on 03 ita introduction. 

The maize of the Caribbean iShindS is made up of a mixture of 

all of the Oompieres. In tile no-them Miznds, the no-kno'b, the 

small-knob, ~in;i tile medium knob compiex~~a I)rFsdi):linate. Ihis 

sudgestti that maize wr.ived in the is1r:nii.e quite late tufter mw?h 

Ii1ixiug of oomi)lexes had occured e1slewhe.w. The ei-lstern complex 

(medium&wb* dj etrongly influences the maize vf ‘the nwthern i&inds 

and it h:-a h:rd a marked in9luence on maize in the other islands. 

The large-knob aomplexes have had a lesser Lfluence on maize of the 



islands with the exception of the Venezuelan complex which is 

strongly represented in the maize of Trinidad and Tobago and to a 

lesser extent in some of the other islands (see maps). The maize of 

western Mexiuo h*ts had very iictle inflmence on that of the islands. 

The strong i.jifPQence of the eastern (medium-klob) conp;.ex, 

evident in the islands, 2.8 HZ.SO evi&ent in ea.-tern Youth America. 

The distrj.bution of oomponer!.ts of this ;:omplex to mai.ae in cer!tral and 

eastarn djouth America aui;g sets thnf the ct~n;~~lex was introduced into 

South l:mt: rioa frorii tha Ckiribbean LLu&s. in otter ~r'ords~ the 

island mdPc3 is n:i; derived from South Aniesica. hsterd, the 

resenblnnce of maize froi;i these two regions skews from introdhctlons 

of maize from -the islehnds iilto ea..iern Youi;ii Al;iriok, This introduced 

maize aarrPed only some of the knobs of the medium-knob co-iliplex 

(see mnfla ) . %-is miica ma~7 bzve ‘been iritrodused via the hi.0 Paran&, 

arrivirzg 1n Paraguay by this route. This naiee then in'tirogressed 

with maize having the Andean co :plex that already was present in the 

area 0P introduction. Yo7.lowing Zn%rogreseic;n, the can!;si:en&~f 

the medium-&nob cor_cplex fipread north and aast and ~2.80, yos~ibl.y, 

we A twnrti. The la.t-tar movement new&~ to be checketA by addLti<zlal 

sttidies. 

zhc distribution of the Gt,y~a ohr~mos ,i~e suggests that it 

W.‘iS introduced irto maize SOEl8Whf?P$ in Fiexico. Its dletributldn 

in the northern henisphere fol?ows th:t 5f m:ii;ilo origijLati.lg in 

&M.co. It is vary poorly distributed in Bentral Am~:~*ia~, ~3 ,the 

mag will ah~~w, It is also poorQ represanted fn the lsLr+.nda nil 

is alnost sb s;ant in e;La,t;crn 3outh America. 1-t \nlas prob.,Liy Ln%r:iduced 

into .tiha &Gean regiolz with Crqplil and Yisinkalla, both of UrhLch 

ap?e'y,r to be re:L>Lted to maize of west-central Koxico, its presence 
in the Zowlttnds of Chile may hive come from introgrcnnicns with 



Andean maize or from subsequent introductions into Chile. The 

distribution of the B-type chromosome is highly significant in 

interpreting the migrations and introductions of maize to the vsrioas 

areas of the hemisphere. 

Abnormal chromoso:tie-10 

xhe distribution of Abnormal chrcnosome-10 is also significant 

for interpreting relationships of maize in the AmcL*icas. Lts origin 

in Mexico seezts evident. Its distribution in the northern hemisphere 

follc~3 to a L;rge extent th.:t of the B-type chro;nosoZSe. 

Diaiributiun of the G:i f-actor 

:L m;lT . is incl:lded showiug the distrib:ltix of the Ga factors 

bnsed on .t.he i.-fox-x.-!.ti-m given by 0 .S.I?elson in tile 1960 kaize 

263~s itetter. The distribt.!ti.,mcf aa are significant, especiaily for 

the rt:,l:-lticna.:lip of u:,i.ze In -i;?le isi@LEGldS uf GUcltwlEdii 'CO th3t in 

wt?:?tFrn i,o&,itr, i:.iie.;~ic::~ and iri the earn belt of the ii..;. d30, the 

preoence of ks in Xsinkalla is nc>t unexpected. 
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TKnobs with limited distributions and uncertain origins 

Arcmcsome 1 long arm: Large, medium, and small knobs 
II 2 short arm: Medium knob 
II 3 short arm: Large, medium, and small knobs 
II 4 short arm: Large, medium and small knobs 
II 5 short arm: Large and medium knobs 
11 6 EL, 9, and p knobs: Large 
11 

6 &, nnd p knobs; Medium 
It 7 short arm: Kedium knob 

Lome of these knobs have such limit!:d distributicns that 

their origins are obscured. I suspect thiit soiae o? them, es&ecially 

ths!.se in the short mms of ckroms~z::r~es 2, 3, 3, yl2.d 5, snd the long 

arm of chrorsiac,, e 1 may h..ive been inJ;rodi.Lced ii,,tt\ m:i;;e froni tecsinte 

in f*eoent tirzes. Those in Cllro::~.;S~.~~i~es 6 2nd 7 m:3y represent 

poorly migrating tyi.res HL~& 8.3 thl:se of .'zizona and Sew Mexico maize 

t&t did ntjt I:iig;l7:ito norti! :tl;d e,-;.ot. 
~ij~:JT~i\:~~~J ;;ii;jL.;yI.;:,,;j‘ 

uari;e-knob compiex: 

Aedium-knob complex: Ghrordos3;iie 1 sliort zrm 
ChroTi~jsCirie 1 iCng arm 
dhrom;so:Y;e 2 short arm 
Chrcmoso:r!e 3 shod arm 
Chrci3~so:;e 4 short arm 
t'hron\?some 5 short arm 
Chromso:le 6 9 and g 

%clkso;ze 1 long arm 
Chromasrxe 2 short arm 
Chroxosme 3 short ~'33; 
Chrom.;scae 4 short arm 
Chrcmcsone 13 g knob 

Odd knlbs, restricted sighationst Chromosome 1 long nrm, Lrlrge knob 
Ghromosotiie 4 short arm, Large knob 
Chromasome 6 3 knob, Large, medium 

and small knobs 



Knobs in Kaize of Arizona and New Mexico. 

Pima tribe8 

cr Large knob \ 
biedium knob 

? Small knob 

Chromosome 2 short arm 
11 7 long “ 

Chromosonie 2 short arm 
11 Q& 

Chromosome 2 long wm 
'I 3 " " 
11 4" tt 

11 7 ‘1 I’ 

tt 8g (*h> 
;1 9 short arm 

&,A 
Nsvalottribe: 

Chromoso:~e 1 short arm 
IV 1 long arm 
)I 2 II I’ 

II 3 short ” 
I’ 3 long li 
'I 4 Ghort " 
I! 4 lon.2 'I 
it 7 tt H 
If 8 2 c+g 
!I g :;hort arm 
‘I s) long srm 

AbnoraaL chr~moa ;1ze-19 
B-type chr~~iusO~.ie 

Non-mip:ratinFr: knobs: 

Short ,Tind long arm of ctiro!:vsor& 1 
uhort arm of chrorr!osortie 3 
Short :rrm of chroi!jos(>i;re 4 
d;iort ctrn of chromosome 7 
Abnormal-10 

ChromdaoEie 1 short arm 
I1 5 long arm 
II 6&+g 
II 7 short arm 

Chromosome 5 long arm 
11 

6 g;, $9 e 



Dilution of the Andean Complex by the SmaC-knob and i,kedium-knob 

Gom_plexea in Central and Sastern South Amey*ica. 

Small-knob com~vlex: 

Chromosome 1 short arm 
i=hrom .so~e 3 long am 
Chrotil..~sone 5 long arm 
Chror!osome 6 b 
Chromc~so=e 4, short 8rm 
GhromosoIze 9 long arm 

i;iedium-kn:jb c;jmnlex: 

Cilronosorw! 2 long kl..ml 
Chror:roson,e 3 long arm 
C~~:ro~nosoI!!e h IOXlL' %rcl 
Chromosome 'I long arm 
i:hrozlast;r:c 8 2 (t- A> 


